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(54)Titlc: ORGANIC ELECTROLUMINESCENT DEVICE 



(57) Abstract 

An organic EL device wherein a particular coumarin derivative is incorporated into a luminescent layer and a particular 
tetraaryldiamine derivative is incorporated into a hole implanting and/or transporting layer. Further, a particular coumarin derivative, a 
particular quinacridone compound, or a particular styryl compound is incorporated into a mixed-layer type luminescent layer. By providing 
two or more luminescent layers including a mixed-layer type luminescent layer, incorporating two or more dopants, and effecting light 
emission from two or more luminescent species, an organic EL device which gives high-luminance light emission, enables continuous lighl 
emission, and has high reliability is realized. Further, multi-color light emission becomes possible. 
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U77M (tf^h-^uy^ h) 7;i^-?A(iii), fx (2-y^;u-8- 
*/u/7h) (y?-7U77h) 7^^-^a(iii), fx (2-y^;u-8 
-^yjy^h) (A7-^^y7h) 7JUS-£A(iiih fx (2-y^- 
8-^yj y 7 h) (t;^-7iz;i/7z/7 M 7;us -^a(iii). fx (2 

-/fJP-8- + ;'J7 7h) (7*-7x~;U7x7 y M 7JUS -7A(III), 
tfX (2-y3^-8-*yjy 7 M (A7-7i-JP7i; 5 h) 7^5- 

^a(iii), fx (2 -y^;w- 8 -^yj y 7 h) (2, 3-^^7x/7 
M 7;u5 -«7A(ni), fx (2-y5 1 ;i/-8-^yjy7h) (2, 6-^y 
fjV7x7 7 h) 7;i/ = ^ r 7A(ni), f x (2 - y^ju- 8-*yjy^h) (3, 

h) 7Ji/S-«7A(in), fx (2-y^;u- 8-*y »jy 

7h) (3, 5-i/y^Jl/7xy 7 h) 7;l^-£A(IIIh fX (2-*?)l>- 
8- + 7'J77h) (3, 5 -> ? -tert-7*^;U7xy 7 h) 7;i/5-0A(III), 

f x (2 -y^ju- 8 -*yj y 7 M (2, 6 - ->*7x~;u7xy 7 K) 7;u 
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^X7A(III). h*X (2->f^-8- + ;Uy7h) (2, 4, 6-hU7x 

-;V7x; 7 h) 7;u5x7a(iid, t*x(2-^^-8-+;uy7h) (2, 

3, 6- h'J^^7x7 7 K) 7;i^X7A(IIIK k*7 (2-*3^-8-* 
yj/^h) (2, 3, 5, 6-rh7^?^7xy 7 h) 7^5 X7 A (1 1 1) , 
(2-/fJl'-8-*/U;7h) (l-t7h7h) 7^i=X7A(IIIh 
fc'7. (2-*7^-8-*/U/5h) (2-t7h7h) 7;U$X7A(IIIh 
tiX (2, 4-y/fJH8-^yij;7h) (tJ^-7xZ^7x77 h) 

7;i/5 x7A(iii), tfy; (2, 4 - 8 -^y; y ^ h) (/t7-7x 

-;u7xy^h) 7;t^x7A(inh k*7 (2, 4 8 -*yu J 
h) (/^-7x-jP7x;7h) = x7a(iiik t*x (2, 4-^y^;u 

-8-^yjy^h) (3, 5-v*^;t/7xy ? N) 7;i^-«7A(IIIK t:'* 
(2, 4-y/f^-8-*;'jy7h) (3, 5 -v- ten -73^7 x/ -7 
h) 7JU = X7A(III), t*7 (2-/^^-4 -X^;P- 8 >J/7h) (A 

7>-;7 V^Jy V) 7;i^x7A(IIIh k'7 (2 -*^)\,- 4 b*v- 8 
yj/^h) (^7-7x^7x/7h) 7;i^x7A(IIIK k*7 (2-*?- 
Jl'-5-y7/-8-*/ l j;7h) (*;Ph-y- 1^7? h) 7JP5 x7 A (I I 1) * 
t*7 (2->7 c ^-6-hU7;U^D^5 1 ;i/-8-^/Uy^h) (2-t7h 
5h) 7;US:i7A(III)^&5o 

c:<d(5^, t*7 (2-/f;i/-8- + yu;7h) 7;i/5x7A(iin-M 

(2-^fJI/-8-^;'j;7h) 7;i^X7A(III), h'X (2, 4 

-yyf;i/-8-*yjy7h) 7;i/i=x7A(iii)-xi-3-*y-k*7; (2.4 

-y^fJlz-S-^/Uy^M 7;i^-9A(III), fc*7 (4 -x^- 2-7 
3\>P-8 U77h) 7^Sx7A(III)-//-3-*V-tf7 (4-X^;U- 

2-^^-8-^y'J/7h) 7^5X7A(III), k*7 (2-*^;U-4-7 
h*y+;U;7h) 7;i/$x7A(III)-M-^^7-k*7 (2 4 - 
* h*is*/ 'J J => b) 7;i^x7A(IIIh (5-y7;-2-/^-8 
- + h) 7;i/5x7A(IlI)-jz-#*y-t:Z (5-y7/-2-^f 

^-8-^U;7h) 7;USx7A(IIIh k*7s (2-*^;i/- 5 - MJ 7 )\>* 
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5 - MJ 7;U^O^^;U- S-^/Uy? b)7JU5:i7A(III)^T&oT 
£C0{3^<D*7 hTOiiLTte, #^S¥8 - 1 2 6 0 0 ^(CfB®(D7 x ~ )VT 

y v^-^ymmw^my-z - 1296 9mztm<D7- h^7u-;ux^>iji^ 
7x-;u7>h-7-t>^#«, TlBst (v) ta^nstotfes. 

it (V) 

A'-L'-A 2 (V) 

i£ (V) KcfcHT, A'iSitfA 2 ^ y7x-;i/7>hu;i/*^fc(i^ 
7x-JU7> h U;i/g£^U ^tlb(i(WI-Tt)S^^t)roT^-oTfcck^. 
A', A'T^n-S^y 7x~;i/7> MJJHifcHy'7x-^7> h u ;ug 

StlTIt 7;U^;US, 7'J-;US. 7JH:*->g« 7'J-a + yS, 75 7 

?tmmm<DW&&m\m\zmfe-$ntz^-t)K 7>h7-t>§iTte&<, 7>h 

^-t>^^i^'&Lfc7xzi;i/ST$.^^<i:^}8 1 ^L^„ 7>h^-fe>§lK 
&tt57x-;i,g©^£ftgte7>h^>9ittf)9ft. 1 oftT&^c: £ 

it (V) K&t^T, L>\$mm&3Ltcit7 U-l^>S^ST. L , -e^^tl^>7 

b*7x-u>s, 7> k u uymmomftvTV-^ymvm* 2<@&^L j en 

p-7i_l/>I. 4. 4' -h'7i-l//lWilK 
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it (VI) Kfc^T, Ar 1 , Ar 2 fc<ktfAr 3 te, #^^fMS$Sl, d 

n ttiwi--c =6 z> h cor $> o t & £ 

M&g£W-fSi§£<Z>g&»<!:LTte, 7)V*)\,m, 7*)-)Vm. 7;i/3*->g, 
7 U 7==y£W£tfe>n3o ^#^M^7jc^StLT«. flUtf 
yx.~)Vm. 7)V*r)V7 3LZL)V&. 7^3 + y7i-;H> 7U~Jl'7x-JH, 
7'J-D + y7x-JH > 7$/7xr;H, t'7xZJH, ^^g, 7> 




(V I ) 
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a (v) , (vi) <D<t£m$m<DMttmz£?Tn.?m&&&z>wtjEiim 

tC5£ ( I ) <Dit&® £ H - A° > h £ L T^W £ #-5 ^ £ £ L ^. £ CD «fc ? &fi^ 
1-1 5H%£'t2>Z\tifi1ttt:L\t*. 

5>*ffl^5^i:*<ffSL<, ^ftW^ttSC (II) ©r^77'J-^y7$>^ 

N, N' -tfX (- 3-/^7x"^) - N, N ' -x7x-JP-4, 
4* -y7S;k'7xZjk N, N ' -h*X ( - 3 - k'7x-^) — N, N ' - 
v7x-;U-4. 4' ->7$;k'7xIJk N, N' - b'7 (- 4 - t -7*5" 
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;i/7x~;U) -N. N* -v7x-JU-l, 1' -t'7x-;|,-4, 4' -yj 
= N , N, N' , N' -^K5*7 (-3-k'7i-iW -1, 1' -t:7 
x-;i/-4, 4' -y7$>, N, N* -y'71-f-N, N ' -t'7- (-4' 

- (N- 3 (^f^7x-jl/) -N-7x3) 75 7 t*7x~;U-4 
^>->-~7>&<L\ 3 - 2 9 5 6 9 5-^, 4flH§¥5-2 3 4 6 8 1^ E 
P0650955A1 (*fJfo#SI¥ 7-43564^) miZim<Dik£Mtfmi 
btl, &frTt>:£ (II) ©xh^7'J-;l/->'7S>sf^*W^L^ 0 M 

- 7 A £ ffl ^ z> z. t tfiff s l ^ . 

9 9-9 9/ 1, £5 fctt 20/80-80/20, ftfctt 3 0 / 7 0 - 7 0 / 

jEHinxmmmt^m tit. 1 //mgsoc^k^(D#iai^i^@t 
feit, miionffi®mtfn?<Dmm®m\zit'<2feZM?LZ>%(D< $?£l<« 
£®t\t, mmzmf&Ltzmmmm^&m^TiEii (*-;u) ^m^om^s 

«^0««E««*5iEIL©*«£««lCit'<2ffiF*ie^5'b© < 

*ltnc«!:«U<, JUW<JfcM:l~8 5nmi:T5 L < . £b 

lCte5-~6 Onm, ^tCtt5~5 0 nmftZ d U>. 
ftfc, ±BE<B«J;?ftig£JIK*5V>Ttt, £ (I) ©^"7 'J £ 
(III) ©+t7'J K>ft*tt*fctta (IV) ^7f'JH7S>{k^^K-/t 
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O R22 



a (III) HO^TIftBJT^xi:, S (HI) 4", Rsn^^rXR^tt**^, 7 

»S*tux^TfeJ;^. *^;us, x^;us, yntf;pg, 

tt, R21, R22©tH^©t>©t|B|«©'b©**tf«i:t*<-C*«. t£<fctfu 
W0tr;(il-4CgMf3, OT&SC^tWSLH. t, u#2EU: 

5£ (III) ®+t^U K>ft^«o*#W&£JlTl:St. **WiTK5£ (III 
a) CR 21 ^Ol^tT^LT^5. W«<BI6£^>-£ >l»Ctt 1 -ft- 
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its® 

No. 


R 2 i 


R 22 


R23 


R 2 


111-1 


H 


H 


H 


H 


III-2 


-CH 3 


-CH, 

wi 13 


H 


H 


III-3 


-C 2 H 5 


-C 2 H 5 


H 


H 


III-4 


-C3H7 


-C3H7 


H 


H 


III-5 


-C 4 H 9 


-C4H9 


H 


H 


tll-6 


-Ph 


-Ph 


H 


H 


III-7 




o-HJ;u 


H 


H 


III-8 


m-MJ;U 




H 


H 


III-9 




p-MJ;u 


H 


H 


111-10 


— ^3" N(ph)2 


-^Q>-N(Ph) 2 


H 


H 


111-11 


-CH 3 


-CH 3 




2,3-fiS 












111-12 


H 


H 


2,3-*S£ 


2,3-H- 
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d*l&©fc£fctt&»02rjfc, ^A(^S#f^2 8 2 1 5 2 9^ fW)fg2 8 
2 1 5 3 0^, E«2 8 4 4 4 8 4^. H»2 8 4 4 4 8 5 WlCfcoT^jfcT 




5£ (IV) KlOHTBMrrSi:, it (IV) R».tt**«^*fctt7'J-;wa& 
R 32 , RssT^Stt^U-JUg^LTteff&SfcWTSfcOT&oTtjJ;^ 

(D^otemtt (iv) T*$nsft^«*^K»$ns-flii©sisi±^ ^-ng 

R.^ Rs-i7?*$n*7;i/^r-;PaiiLTtt«jftS€r*r'rS%)e!)T*oT'bck 
R > .117 U - 5 y * Sfctt7 'J - Jl/7 5 y 7 U - JH* * t , Ctl^C« 
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& (IV) tf>7^'j;i^7 = XtSVWMfcMZ&TlZTjkt. 
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Tt>«tlr». fgftUte, -IfWCd W*£tt*JK£&3rt*a>. 

iz&ytMifim&m* < w«tui^, '>&< <ht> 1 ii:^(ii)©f h^7U-;u 

>&9M*©£*r*tt 1 0 wtXJ£U:T&* d U ^. StzmM WigiJ® 

fcttll£tt®Jiffi0te£*b£LT«, ftfflme 3 - 2 9 5 6 9 5*f&$B. &Hfl¥ 
2 - 1 9 1 6 9 4^i. 4#$1¥3 - 7 9 2 #&$B3?KBE*$ttTlriS&«*r« 

i&TLfcS; (II) CDxh^7U-;Ui>*7$>l^##:lCPl^$ 
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L I* Z. £*>&&. 

z.<Dtz, mm uxF-yiitoy^: irom m*^^ 

am. %xm\zmLTiETL®mmzm%ztt)W£L^ a ztzmmstwtzim 

tmmm<Dmmz-D^x\t, JEii&A®mmz2m&±®vz>tzb®®'?3!>z>. 
z\<D£?tmmM£tz>zt\z£?T, mmmmMi&Tt. mm-w^^ 

^ffl^Tl^©Tl~l Onm&om^mb. &l-fr^>¥>*-)\,y >)-£?% 

zb-o^^teitsMZR^Tb. %ft&<D&m%{t j $>mwmz£z>% } m<Di&T£ 

>^^#, tttyjy-^m ^Ul/>i$g#, tfU'>*>lf^#:, try* 

u>mmftm*m^z>zttfT%?> 0 n?&A®mm&%ytmzm&tzib<DT*& 



WO 98/08360 



PCT/JP97/02869 



40 

±EO*3tJi^]E?LaA*fi3IJi^« : ?aAIISIJItt^0«t5a:W 

«FCiE?L&AI*i3IJi, ]E?LaXJi»*lrJttjE?L*3IMfc45l»T. 5£(II)tf)xh 
5 7 U-ik>'7$ >«*#*©2rftBi=ft7 5 > t ><h co#fffl«»S L < . 

iEi^7 5>O0. 1-2 OwtX Lti. C©«fc ^7^;P^l^>tC 

^^Tlt EP065095A1 (*fj£#$¥ 7-4 3 5 64§) f?©IE«!c£# 

tt^k^ttck o , ^aAtiEJLffiAcwi/Tsfe^^^Tftn^mtttc: 

aMBBfclfcUT, ft»H*0/h$^*t^, flfctf, Li, Na. M 

g. Al, Ag, I n*5W4i:n&0 1ia±ft*tr^ftiB^*Ct^ff4 

*5:^»*l/U. liOl^lil 0- 1 0 0 0mmg.t?Z>Z£tftff£L\,>. 
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MTili* I TO UXK-^Bft-f^A) , 
I ZO (3E»K-?lMt<f >5?£A) , Sn0 2 , N i . Au, Pt, P d, H 

»ff<Z>*$ttl 0~5 0 Onigflgt-rsCt^ffSL^. *&, *^©««tt£ 

~3 OO/cn^fcttl OQ/cn'&T <»#0. l~10Q/ci l ) (7) I TO (0 
#•1 0~3 0 Onm) &mvf$tl*. MfaiZlZ. I TOM^Ii:i^IlT®3fe© 

OlIITOOlJI, 3t^Sft*»«-UT^nti«fc^. tfcf^^KCt^a 
Kt^r/U X\Z&^XIZ> I TO0ffitt#**<fc30TA I ^©I28l£ LX 

mmz^mwtitt®zm^z>m£\z\$. mnz^n^>mmm^m\z 
*m%x\zMftm\z^{\)<Dm*<Dz^t)>mmw*m^&z\t\z&^xmx 

tf£fc ( A max 4 9 0 ~ 5 5 0 nm) , W Umax 4 4 0 ~ 4 9 0 nm) , # ( A max 
5 8 0~6 6 0nm) £>^£#3 ZttfXt, #(CAmax 4 8 0~6 4 OnmO^ 

yt*ytt^L<%z>z.ttfx%z> B 

;p^-lt^a3t«*7-f ;^-«fet'&«^-&^tk:j:oT»Tt)«fci>. 
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dtf)££7J-v h-r^7t«^CD«^5 6 Oniiifi*±0afcfi<Z>7t43«fctf4 8 Onm&TO 
&§tf)7£T'&D, 4 9 0niJW±(D^g(7)7t-C*0, #©i^5 8 0nn£( 

To&:gtf)ftT&5o :o,k5)i*7-7 < f;^-$fflusiii:j:o 1 cie 

5-20 *£nag£TntfJ:U. 

ftMTO roHOfr £ M £ ft 5 . 

**^^«m3tfi ; fiK^^V^W^ffl^ft^ c t<. EL^7t& 

ax**HK&*£4 9 0~5 5 Onou W£>4§£4 4 0 ~ 4 8 0 nm, i©1^5 8 0~ 
6 4 OnmT&O, A max^ifi©^^^ h;i/C0¥ffi'|ii^^-rftO^-&(c ! b 10-10 

its® (•V77?n>>7=.>m^ts) , 7-7*cks k s^at^t 
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(Mm. 7,/\v9. CVD) ICi^TMTSa^TtS. 

MQMm<D&m*ft\zmfeZnti:^-t)K 1 0" 3 Pa (l (K 5 Torr) &T<DMQ%. 
<hU ItlSttO. 0 0 l-lnm/sec *I££T5 L U„ * 
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tr>3-K TrsfyZf. +tXhf) , 7>^a7-ynyxyh (LB) & 

tt 2 auii±ofg)ta*f6^*-frs c: t**RitB7Sc*«E l ^rp^flifirrs c: tafia 
•&s£**h 0 . x=?t*-)Wf&%m±#\zfti{iTz> z\ t-vnm&X'C > 

f U 7<0«»E$g0lttf 1/10-10/1. JfSKIil/6-6/1. £9 
#f:L<ttl/2-2/lTfc<5$8ttJB'r»*. 
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fiftjf #®T-tf>£*-f g 7$ji2££jf g 7&g#-£<Di§££%;L5 0 

zfzytm^onTiztttzmmtf^L^mbLKit, ##icis^<i «o. 2 v) 
?mmt*-)wmmitmL^fr4ti?;\z&^mmtte2> e ;ctMi©§+t g 

gjoi^M 00. 2ev) fzftmi&rftt&z-r, 

<D^ti^^^0^^^mmiZ^9t^it^Zt^-V^tji<U^(DX\ AW 
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<D&^©*-1r U 7&Al£S#EcD^ 'J 7&jg£ii;#T j e> £ 

)v • ti^yz>yts)VhL<\t, ^nizm^w^zmmL. Gmm&mmtm\z 
ztz. mmEL<Dmmzm%wft?m®ttmfrz<Dftm&\z£%&mx&Q, 
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&\z, z\o^^r^zH^L^mmELm^\z^n^ft^m\z'Duxm.m-r 
i) m^mm±<Dm^. mx.&i%£m&2m<Dm&&mwTz. ie?l& 
n?&.A&]s&zfi/&tz\tmi£&<Dm < rm^jfj tm?) moMGmzmsm 
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n^n©** m><=>> %LhiB.^ftytm\z3L*)V¥-®m?z>. ^m\mx^ 

Ztltz®m?\tZ<Dm*<Dftftm (b'-A'>h) 'V jg^2iT«:©I1'(D 
fgftS (h*-A>M ^X^l^-^T^^CckD, 21Mi^7t«J 

z. ©£ ? Tsstittfi^ji** 3 m sx±.T$> 1 x t> pjtrr & 5 o 

iii) $6(3. ttmm&o&ytmtm&ftytmto&G-Giz'D^T. mx&m.^m 
mfr^m^jk'&vmjtm, m&%9tmomiz2mmitz®Gzmnirz>. 
li^sAsnfetim «^<iatt©*7tJi4»«raab«^Ji'Mi*. ie?li 
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ii) , iii) \ZO\,*Tl*. ^nsoft^t, *5WiCtte>C£^TI83fcB&3 

fcKttl 0-8 0MiT?**Ct*tff*L<. OT^H-f$ll6 0~4 0 0 nm 
T*^:tmi^ fc£, jB*iliSfct)©«tt5-100M, 
ttl 0~6 0niTft*it3fttff*L^ 
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S) \zF-7?Z>Z,ttfft£Vt,\ 

$n5^7ij>^, (no T"*-$nz>*i-2 u H>fb^-#i, a (yd ttk 

#t-£s. ^eicte, 3; (vii) Tisn5i^«^ij$ffl : t^Tt 5. 
(vii) (co^xra-r^o ^ (vii) \zimm<D)iz/u>h^^n^c 

(At) m-L (VII) 
j£ (VII) K&^T, Arf^iMS^Il, m[i2-8®lM^ 

5fS^Si:UT«, ^#M^k7K^S. 5f#^i£^3l£^W £ns. 

y7xz;n, 7U— ;P7x:=jps» 7 , J-^t*->7i-^i, 7;u^r^;U7 
x-jus, 75;7i-jh, ^-7^;us, 7>hu;us, trunks, ^uu 
-^Sft^^tf^tts. 7i^-^7i^-> (7U-^7^» a>e> 
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S, X^;i/S, (n, i) -7u\Z)Vm> (n, i, sec. tert) 
;US, (n, i, neo, tert) -^>^g» (n, i, neo) 

^£$<07;ww&a<we>n, ^ne>co7;i/+;us^7x-;i/Siz*5Pt?)E 

©S*WtlTH (o, m, p) -hU;PS, 4 -n-^5 1 ;i'7x-;PS, 4 

- 1 -t^ji^x-jus, m&mif ens. 

<* dOJ:'5^7x^;i/3lttB»snT^Tt>«k<» :itf)£#©BJ£gte7;U* 
JUXT&S^ttffi^K, A<*:W{CH±8307;i/+JU7x-;USO < J:^5T^J 
^Lfcj^+^S^PtfSiij&tTts. SSlctt, 7U-;W»$H*, 7x-;p 
1^07 l J-M^IIlfc7x^S^ott,iK £0«i:3fc7U-;U7 
x-^SC^ffltUTtt. (o, m, p) -H7x-'JiH, 4-h'j;U7x 

3-hu^7xn;us, fi/7xr'jjnwif^n§. 

«h l J7x-j|/t'-;H, h >J h u;ue-;us, h'Jt'7xrj|/f^S^i 
tf?>n<5. ^Ocfc-5^7JI/^r-;U7xr:;PS©^#:fif!|<ttT«, h'J7x-JVt' 
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(E-4) 

ita^S <&120 *U5. ^118 *lt6. *U7 *]14. $119 

E-4-122 -O-O- -0 N "( Ph > 2 Ph H 

E-4-123 W± |BJ± H Ph 

E-4-124 f^± p-t'7x~;i/ ph H 

E-4-125 fl_t ra-t:7i^ ph h 

E-4-126 W± o-t'71'Jb ph H 

E-4-127 n± ~0""0~ N " (Ph)2 H H 




E-4-128 W± -f /-\ 7 H H 



E-4-129 (fl± f N M H H 




E-4-130 |H± *u5=Ph *ii6=H H 

*ii8=H <X»ii7 = Ph 
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^120 


^115-^118 




E-4-201 




Ph 


Ph 


E-4-202 


m± 




Ph 


E-4-203 






Ph 


E-4-204 


m± 




Ph 


E-4-205 


m± 


Ph 


Ph 


E-4-206 


m±. 


^ ^ n 


Ph 


E-4-207 


®± 




Ph 


E-4-208 




2-i-7?;u 


Ph 


E-4-209 


|sl± 




Ph 


E-4-210 






Ph 


E-4-211 


®±. 




Ph 


E-4-212 


m± 




Ph 


E-4-213 






Ph 



WO 98/08360 



306 



PCT/JP97/02869 




WO 98/08360 



307 



PCT/JP97/02869 



(E-4) 



E-4-301 



E-4-302 



*I20 



Ph 



^114. ^119 



Ph 



Ph 



E-4-303 



Ph 



E-4-304 



E-4-305 



E-4-306 



E-4-307 



E-4-308 



E-4-309 



E-4-310 



E-4-311 



E-4-312 



E-4-313 



I§1± 

m± 



Ph 



m± 



HQH^Ph Ph 




CH 3 




Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 
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E-4-320 



E-4-321 
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0*120 

s s 



|5l± 



-Q-N-(Ph) 2 




Ph 




m-t'711'J ;u 
o-t'7i-'J^ 

^116= ^118 "H 



^114. $119 



Ph 



Ph 



Ph 



hQhQ-n- (Ph) 2 Ph 



Ph 



H 



H 



H 



H 
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its® 


^120 


*1 15~*l 18 


^114. <t>l!9 


E-4-401 


>-< 


Ph 


Ph 


E-4-402 


|B|± 




Ph 


1™* A A r\ o 

E-4-403 




m-k'7i-'JJb 


Ph 


E-4-404 


|SJ± 




Ph 


E-4-405 


m± 


-O~0~ ph 


Ph 


E-4-406 


|il± 




Ph 


E-4-407 


m± 




Ph 


E-4-408 


m±. 




Ph 


E-4-409 


|5J± 




Ph 


E-4-410 






Ph 


E-4-411 




■Q-Q-Q 


Ph 


E-4-412 






Ph 


E-4-413 


m h 




Ph 
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E-4-415 



E-4-416 
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m± 
m± 



o Ils ~d) U8 



-@-N-(Ph) 2 




Ph 



*U4. <t>119 



Ph 



Ph 



Ph 



-^3~0^ N ~" (Ph) 2 Ph 



E-4-418 
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Ph 



Ph 



Ph 
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E-4-509 



E-4-510 



E-4-511 
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E-4-513 




|bJ± 

|5]± 



Ph 



o-k'7i-'J^ 




2-^7^1/ 



CH 3 




Ph 



Ph 



Ph 



Ph 



-Q-Q-Ph Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



WO 98/08360 



312 



PCT/JP97/02869 



(E-4) 





<I>nn 






E-4-514 




-Q-N-(Ph) 2 


Ph 


E-4-515 


B± 


^^^^^ ^^^^^ .^^Sv. 


Ph 


E-4-516 


B± 




Ph 


E-4-517 


I — i r 


-^_M_VN- (rn) 2 


Ph 


E-4-518 


n± 


-O-g-O 


Ph 


E-4-519 


w± 


p-t'7xnj;i/ 


H 


E-4-520 




m-b*7x-U h 


H 


E-4-521 


n± 


0-t*7lZ'JJb 


H 


E-4-522 


m± 


< t > U5=<I>Ug=-0" N "' {Ph)2 
*ll6"*ll7"Ph 


H 


E-4-523 


Pfl± 


*I15=*U8— 0" N " (Ph)2 
*116**U7-H 


Ph 






<C»il5 =<P||8 p-c7x_ l J;l' 
< l > ll6 =< l ) ll7 = Ph 


H 


E-4-525 


n± 


0,15 » 0,| 8 = 0-t'7xI'j;i' 
< I > ll6 = *ll7 = Ph 


H 


E-4-526 


m± 


*1U = *H8 = m-t'7x-'J )l 

< t > ll6=*U7 = Ph 


H 
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(E-4) 



E-4-527 



<*>120 



<D ll5 ~O ll8 



^114. <I>| 19 



*U5-<I>Il8--0" N " (Ph) 2 H 
*116-<I>||7-H 



E-4-528 



*U6 " ^117 "H 



H 



E-4-529 



H 
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E-4-601 



E-4-602 



E-4-603 
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E-4-605 



E-4-606 



E-4-607 



E-4-608 



E-4-609 



E-4-610 



E-4-611 



E-4-612 



E-4-613 




*I20 

N 

N 

mi. 
m± 
m± 

|aj± 

m± 

|5)± 
P|± 

H± 
Pl± 



Ph 

m-t'7izU^ 




CH 3 




Ph 



Ph 



Ph 



Ph 



-Q-Q-Ph ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 



Ph 
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E-4-614 



E-4-615 



E-4-616 



E-4-617 



4> 



E-4-618 



120 




N 
N 

|5|± 

m± 



*1 15-^1 18 



-^-N-(Ph) 2 




Ph 




^114. *119 



Ph 



Ph 



Ph 



Ph 



E-4-619 



^us-^in-H 



H 
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(E-4) 



E-4-701 jr\J=\JT\. Ph Ph 




E-4-702 \§\± o-t*7x-UJU Ph 

E-4-703 m± m-f7x-'J^ Ph 

E-4-704 P]± p-k'7i-U^ Ph 

E-4-705 m± ~0~0~ Ph Ph 

E-4-706 m± -J~\-fX Ph 



Ph 

E-4-707 |SI± UT\^\ Ph 




E-4-708 W\±. 2-i-7?)l Ph 



43-O-CH3 



E-4-709 m± "<^X 0 >-CH3 

s s 

E-4-710 |§J± _-{~^_43-Ph Ph 

S S 



E-4-711 (HJ± ^yi s y-^ Ph 

E-4-712 PlJi -f H % Ph 



E-4-713 IBIJi V/ \> Ph 




WO 98/08360 



PCT/JP97/02869 



317 



(E-4) 



E-4-714 



E-4-715 



<D 



120 




HQ-N-(Ph) 2 




^114, <t>I 19 



Ph 



Ph 



E-4-716 



Ph 



Ph 



E-4-717 m± -^_^- N _ (Ph) 2 



Ph 



E-4-718 



E-4-719 



E-4-720 





Ph 



Ph 



Ph 



Ph 



Ph 
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(E-4) 





*I20 


^1 IS—*!*! 18 




E-4-801 


JL.N Ph 


Ph 


Ph 


E-4-802 


|aj± 




Ph 




M± 


■ , _ \S — » - — ft > 1 


rfl 


E-4-804 


IhI> 




Ph 

111 


E-4-805 


pj± 




Ph 


E-4-806 




Ph 


Ph 


E-4-807 






Ph 


E-4-8G8 


m± 




Ph 




fEl h 




Ph 


E-4-810 






Ph 


E-4-811 


m± 




Ph 


E-4-812 






Ph 


E-4-813 


1*1 _L 




Ph 
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(E-4) 



120 



*U5~*U8 



*1I4. <J>H9 



E-4-814 



E-4-815 




-Q>-N-(Ph) 2 




Ph 



Ph 



E-4-816 



-O- 



Ph 



Ph 



E-4-817 |HI± -0-0" N " (Ph)2 



Ph 



E-4-818 




Ph 



E-4-819 



E-4-820 




Ph 



Ph 



Ph 



Ph 
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(E-5) 



<t> 



128 



*I27 *12l *122 ^123 $124 *125 <&126 



E-5-1 




Ph 


ma 


ma 


ma 


ma 




ma 


E-5-2 




Ph 


ma 


ma 


ma 


ma 


ma 


ma 


E-5-3 




Ph 


ma 


ma 




ma 


ma 


ma 


E-5-4 




Ph 


ma 


ma 




ma 


mtE 


ma 


E-5-5 




Ph 


ma 


ma 


ma 


ma 


mt= 


ma 


E-5-6 




Ph 


ma 


|5j£ 


ma 


ma 


ma 


ma 


E-5-7 


N 


Ph 


ma 


ma 


ma 


ma 


ma 


ma 



N-N 



(E-6) 
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(E-6) 



E-6-1 



E-6-2 



E-6-3 



E-6-4 



E-6-5 



E-6-6 



*I3I 



-O 




-00- 




^130 



Ph 



Ph 



Ph 



Ph 



4> 





E-6-7 hQ-Q- p-t'7xz 



129 



Ph 



Ph 



Ph 



Ph 





E-6-8 
E-6-9 

E-6-10 



-OhQ- 



-O- 
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(E-7) 
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(E-7) 

fcgg ^32 ^33 0,34 

E-7-1 Ph Ph 

E-7-2 p-t*7x->j;U p-k'7iZU^ "0"0" 

E-7-3 m-t'7xZU^ m-k'7i-U^ -@~0~ 

E-7-5 -^-NPh 2 -Q-NPh 2 -Q-O" 

E-7-6 Ph Ph -Q- 

E-7-7 p-k'7x-'J^ p-t'7i-U;b 

E-7-8 m-t*7^->JJU m-f7i-'J/l -Q- 

E-7-9 -0°-0 -C^OhQ- -Q- 

E-7-10 "0~ NPh2 -Q-NPh 2 -^>- 
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(E-8) 

<D I36 <D 137 4> 



138 



E-8-1 Ph Ph -O-O 

E-8-2 p-t'7x-'j;U p-t'7ir'J^ "O^O" 

E-8-3 m-f7i-'J^ m-t'7iz'j^ -@~®~ 

E-8-4 -O"0-Q- _^ 0 -Q- -0"0" 

E -8_5 ~^-NPh 2 NPh 2 -(' >-(' >- 

E-8-6 Ph Ph -Q- 

E-8-7 p-t*7xr:ij;U p-t*7x-'j;U 

E-8-8 m-t'7i-'JA m-tf^xnUJU 

e-8-9 -O-o-Q- -Q-o-Q- hQ- 

E-8-10 -£)-NPh 2 _^_ NPh2 
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9141 



X » 

<t>14<) N 




(E-9) 



<t> 142 
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(E-9) 

*I39 *140 <D, 4 , <J> 142 

E-9-1 Ph Ph Ph Ph 

E-9-2 Ph Ph H H 

E-9-3 p-t'7i-'JJl, p-t*7x-»j;U Ph Ph 

E-9-4 p-t'7iz'j^ p-k'7i-'J^ H H 

E-9-5 m-t'7x-U;P m-t*7x-U^ Ph Ph 

E-9-6 m-t*7x-U;U m-fcf7x-U;U H H 

E-9-7 -O-O-O -O-O-O Ph Ph 



E _ 9 . 10 ^Q-O-hQ -O-O-^ H H 

E-9-1 1 Ph Ph -@-NPh 2 -^-NPh 2 

E-9-12 Ph Ph -fVo-A -f\-o-f% 
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S!tifEK»Sfctt/t;PX«ft-r5^i:t>T#«. BJJo*JEE«. 5§#, 2~2 0V5g 
(HJSfll i > 

*U UVt>/>iSfeM. *»««©M#;i^-CH£LT, lxlO" 6 torr 

4, 4* , 4" -MJ* (-N- (- 3 -t^Jly x.~)l) -N-7 
hU7i-Jl/75> (MTDATA) £^3f j£g 2 nm/sec T5 
OnmOJPSIC&fcU lEdFL&AltLfc. 
Wa^fr&fcll- 1 0 2©N, N' -x7x-Jl/-N, N ' - (-4' - 
(N- (m-t*7i-JW -N-7x-;i/) 7$;t'7i-;P-4-<Jl,) ^> 
vv>£, 3K*a&2nin/secT2 0M©ffSK&au IE?Li$i§Jl t L£„ 

*u-e, MtkA^ji - 2ouhux (8-+;u;7h) 7jr^7A (a 

1Q3) £M£itT2 : 10 0©Jfc*T, 5 0 nm©J?3 \zM* U ^itLfc, 
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/7h) 7)VS-V&&mmmmo. 2nm/secTl Qnia(Dmi£\zMmLtz, 

ssk:, M&vtmz&^tczz. MgAg (Mtjtio : i) zmmmmo. 

2 nm/sec T'2 0 0nmC9J?£lC^*LT^@<h U §i!tlTA 1 £ 1 0 Onm 

C0EL^(cmE^PPllPLTmSfE^atb/!:(h^5> 1 4V • 8 0 OmA/cm 2 
Tl 0 3 8 0 0cd/m 2 C9j&£ Amax= 5 2 5nm, fi£j&glx = 0. 

2 8y=0. 6 8) <Df%mm&2tl, uCMttSiTiW^l^^-ei 0 
0 0 0P#Rim±££LT^c. ^W^^SB©ai^^«S«^<^^ofc. 
)!WgC9¥M#Jtel 0mA/cin 2 tf>£^fttigS)T8 9 om® (W$mm 1 2 8 8cd/nr\ 
8K»J«I£±#1. 5 V) . mm&&3 0 Ocd/m'TfcU 5 0 0 R#Pb1T$>o £ 0 

<#IJS0)J 2 > 

0 2 (DfttiQ iZfflTKiknQfall— 10 1 CON, N' -•/7i-JhN < N' - t*X 
- (4' - (N, N-t:X (m- t*7x-;U) 7 5 7 fc'7 x ~JU- 4 - -f ^ 

£©EL*^fc*JE£ftiDLT«»E£afL;fc£e:5, 14V - 7 5 3mA/cm 2 
Tl 0 0 4 8 0cd/m 2 CD&£ (585t«^:«SAiax= 5 2 5nn. fem&Sx = 0. 

3 1y = 0. 6 6) 0Sgftj&*WB£tl, CKO^ttttttS^BB^T 1 0 0 0 

m<D*$i,mzi o^/c^omnMrnmr-e soft® (143 3cd/m 2 , mmnm 
±#1. 5v> ifjjmnms 0 ocd/m 2 T&4 0 0 omr$T$>irzo 
mmm 3 > 

mmmitmmzmttftmLfc. fc£u %?tmiz, ®mt%m 1-201 

£0EL*^fc*JE£WiOLT*ffi£i«Lfc£:C:3. 13V - 5 5 3mA/cm 2 
X' 6 9 5 0 0 cd/m 2 CDi&£ A max= 5 1 5 nnu fi^M^ x = 0 . 2 

6y = o. 6 6) (Df&yttmmzti* z<Df£mz$tm&mnmn.*Ti o o o o 
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^mmti owcia 2 (D^mmmw}X'6 o omm (io7 8cd/m 2 , mmnm±^ 

1. 5V) ®mm%.3 0 0cd/m 2 T«4 0 0 omfflt&^fco 

mmmi t^ic^^Kifc. fc&*u fgftjiic, «^b-&*i - 201 

(DfttDQlZM^ikS® I - 2 0 2£ffltr>fc. 

£©EL*^K:«JE£ftjbnbT*»f£ffiL&,i:£3. 14V - 7 5 3mA/cm 2 
T 7 1 7 0 0 cd/m 2 A max= 5 1 5 nm, fiftM x = 0 . 2 
9y = 0 . 6 4 ) 03B3fejWM8£tt, E0»#tt«j*as**Hft*T 1 0 0 0 0 

0*M#iftl 0mA/cm 2 £D^m^®jT*8 0 0 (9 9 8 cd/m 2 . K»*EE±#|. 
1. 5 V) ®mnm3 0 0c4/m 2 T\$5 Q 0 OmfflT*&-Dfz. 
(UMM 5 ) 

mmm 1 tpwc^fcttusi/fc. fcjeu fgftji tc, «*<t:^«i 1-201 

Oft*>rjiC#iJ^k^« I - 1 0 3Sffll^. 

I10EL&^£*JE£ftflOLT«ffi£ffiUfc<h;:3. 16V- 98 OmA/cm 2 
T? 6 1 4 0 0 cd/m 2 <Z)jf&fe (fgft€S;*:i£S A max= 5 1 0 nm, fe&&«S x = 0 . 2 
3 y = 0. 6 3) OSfe&JWWBS'n. :®?!3tttTOif?l^T'l 0 0 0 0 

<Z>¥MJ8tel 0BA/c»*O3fe*»JB»T3 0 0 -O-XHW (7 3 0 cd/m 2 , MHiflE± 
#8. OV) ®Mmm3 0 0cd/m 2 T«l 0 0 0 O^KT^^fe. 
<H»J 6 ) 

^WJ i (trast^^sfpaufc. fcfc'L, fgft/lf;:, WaHfc^fc 1-201 
©ftb D £0y7Ffc£% I - 1 0 4&;8V>fc. 

£©EL*^K«EE£l?;!inLT*iifi£«L&£;:3, 12V, 6 2 5mA/cm 2 
T4 0 3 0 0cd/m 2 (Di&6 (»^*^:ttftAiax = 5 0 0 nm, fi&ffi«x = 0. 
2 3y = 0. 5 8) ©«3fe;W*BStt, £0B3fcttl£*S*£H» i rc 1 0 0 0 

0mA/cm 2 <Z)£m8iES8«JT8 0 O^Pal (6 8 Ocd/nr. !§gSjmj£± 
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#2. 5 V) V)mmm3 0 0cd/m 2 Tte4 0 0 0P»M*ofc. 
<Jt«W 1 ) 

Itlim tW*K:*^*fP«Lfc. /cfc'l, IE7L^iil(C, Huston- l 
0 2©ftt>Dl:N, N* -If* (-3->f^7zZJW — N, N ' -/7iZ 
;p-4. 4' -y7$; t*7i-^ (TPDO 0 1) SrJflUfc. 

COELSR^JC^JESaiftltTttSlESaELfct^^. 1 3 V • 5 1 8mA/cm 2 
T7 1 7 0 0cd/m 2 ^fi (^f^ttftAnx» 5 2 5u. fiME*x~0. 2 
9 y= 0. 6 6) ©»3t*««B$n, u©»J^iHimi 0 0 0 0 
■»W«±5fcJfcLT&»fc. liao^MMttl 0mA/cm 2 ©^matiK«JT6 5P#Pb1 (l 
2 8 1cd/m 2 , MMIJE±#H. 5 V) #Jtt)ff& 3 0 0 cd/m 2 T?« 8 0 0 WHIjTf* 

(Jt««2> 

0 2<Dftt>K)\ZN, N' -t'7s (- 3-h'7irjW -N, N ' -y7iUb- 
4, 4' -v7^ / tf7x-;U (TPDO 0 6) Srffl^fc. 

E©EL*^K*EE*WiOLT«*£*l,&£C5, 14V - 5 3 2mA/cm 2 
T*8 1 0 0 0cd/m 2 tf>i&& (*3ttt*«[ftAinax= 5 2 5nm> Mlix = 0. 3 
2y = 0. 6 5) (Dftrnm^Ztl. ^OMtt^g^i^Tl 0 0 0 0 
WHWK±ftJtLT^fc. »«<0*«»lttl OmA/cm 2 (D^m0Sti®»jT6 (1 
7 3 Ocd/m 2 , |g»mJE±#2. 0 V) 3UJ8W&3 0 0 cd/m 2 Tte 8 0 

<it mi 3) 

0 2 OftfeOCN. N* - £7, (-3-t-7f;i'7x-Jl/) -N, N* - ^7 
x~;U-l, 1* -t*7x-jK4, 4' ->?7a> (TPDO 0 8) £ffl^7c. 

£<DEL*^K:*ffi£ftJnLT«iffi*iftLfcfc::3. 1 3 V • 5 0 8mA/cm 2 
T7 9 3 0 0cd/m 2 <D*i& (f63tS*ftfiAmax= 5 2 5nnu fe&ffiSx= 0. 3 
0y = 0. 6 6) (Of83t^«B$n, £<Df8tttt$£»gm£ffl&+T 1 0 0 0 0 
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7 4 9cd/m ! \ fg|&mj£±# 1 . 4V> £JJM& 3 0 0 cd/m 2 T« 5 0 0 ^HT* 
<Jfc*MI4> 

0 2®ftt>DK:N, N, N' , 1ST -rh^X (-m- 1*7 x -1,1' 
-k*7i-^-4, 4* -v7S> (TPD 0 0 5) fcffl^fc. 

£©EL*^£*EE&WiDLT«»E*i«Lfc££3, 14V- 6 4 3mA/cm 2 
T 1 0 2 7 0 0 cd/m 2 ©®6 (^«S±iS^ A max= 5 2 5 nitu fi&Jgft x = 0 . 
28y = 0. 6 8) 0^«$n, £©fm*«**S*»ffl&+T 1 0 0 0 

(1 8 4 2cd/m 2 > SK«rHE±# 1 . 8 V) MJ?g3 0 0 cd/m 2 Ttt 1 6 0 0H 

<JttSE0J5> 

0 2<Dftt>QiZN, N ' -y7i-^-N, N ' -t'X- (-4' - (N — (3 
-^^7x-JW -N-7I-JI/) 75 7 t*7iZjk4 — HIO ^<>vv> 
(TPDO 1 7) fcffl^fc. 
£©EL*^K*BE&ftflBLT«iffi&8lEUfc£;:5. 14V- 7 1 5mA/cnr 
T7 5 6 0 0cd/m 2 ©j&& ($&3fcft*fcfiAmax= 5 2 5nnu £gJHix = 0. 3 
2y = 0. 6 6) ©f83fcd««BSft, £©§63mtt«kS*gHft4»T? 1 0 0 0 0 
WrM^±ft«UTV»fc.l»flEO*«»t4l 0mA/cm 2 ©^SStSgSjT? 1 9 7P3MU 
15 6cd/m 2 , ig»imBE±#2. 3 V) ftjfflftft 3 0 0 cd/m 2 Tte 2 0 0 0 #MT 

^JS0J 1 tRfilKl^^aUfc. fc£LfgftllC0ij7Ktt£$jzi 1-201 ©ft 
fc>9fCTIE©*:*-*U K> (fflttfcdttlll -DSffl^O. 7 5wtX<hft<5cfc? 
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Z<DELm^\znm*ZmLT<mm*ffi.\stztZ.*>, l 6 V • 8 4 OmA/cm 2 
7r6 0 0 0 0 cd/m 2 Ofife (5%ytm±&& A max= 5 4 0 nou fi^Mgl x = 0 . 
3 7y=0. 60) <D&ytifimm2ft* uMl^lflfimiOOO 
OB#TO±££LT^£. »«<Z)^««lttl OmA/cm 2 (D^m^SjT 1 0 0 mm 
(8 0 0cd/m 2 , IltE±#3. 2 V) WmUm 3 0 0 cd/m'Ttt 5 0 0 l#MT 

/to 
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#7*g«±K:;&7-7w;^-R&tf±A>hgCR - 2 0 0 OSi^TS 

^(Ccto i Mi»K:»*u^©±K:#ftik3t«ijm**±A> MicT- l icb 

A S FSSLumogen F Red 300£ 2wt**fcLfc"b0fcffl^Tfc*L'S--£ LT 5 jtz 
Bj?tCJ^I5jcL.$etCC:©±t^-— A-D— h*ar±A>h8ICT - 1 £ffll>T& 
LT 1 //mJflcMLfc,, :®±l:, J¥£ 1 0 0 run© I TO£*Ay * 

7 h;i/0^«iBtt5 OnmT&o*:. 

£©EL*-?K*ffi£WinLT«8fc£«Lfc££3, 1 5 V • 6 1 5mA/cm 2 
T9 0 0 0cd/m 2 <Z)^fe ($83fc**iMAiiax= 6 0 Onm. figfgx = 0. 6 0 

y = o. 3 8) <D%mmmzn. c©s83me*a*#Hai*T 1 o o o on# 

^MllC^^T, 5E?L*iaJi*«*ft^*H— 1 0 2 £ ;i/ 7*1*- >t* 1 0 : 

C0EL*^C*JE£BJinLT««*»El,fc£::3, 14V- 75 OmA/cm 2 
T*7 9 8 0 0cd/m 2 (Di(tfe (fgft&±&g Amax= 5 2 5nnu 5 5 5 nn. 
x = 0. 38y=0. 5 7) 0»3fcjWiBSn. -©M^gifi^ + T 
1 0 0 0 O^mi^LT^fc. fflSWMSHte 1 0mA/cm 2 <D^:m^iiggj-e7 
0 Oftffl (117 3cd/m 2 , ggfimJEE±#2. 5 V) , £jgJjB|£3 0 Ocd/nrTtt 
4 5 0 0«fWT*o^. 
<fU&#l 9 ) 
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-f h7^7 (-m- t'7i-jW -1.1* -h*7x-;U-4, 4' - y*75 
> (TPDOO 5) . m^aAfHi£M£^£ LT HJ 7, (8-*/Uy^h) 
TJl^-^A (A1Q3) mZmcmmmmo. 5mn/secT&*U 

^tlt®tif\ZM7K<k£® 1-10 3 hm%m&®0. 0 O 7nm/secTal»LT4 
OnmJ^^ri^SttT^filcL/!:. ig^HCfcHT, TPDO 0 5 : A 1 Q3 : i 
mitteto 1-103 = 50:50:0. 7 (RJPJt) -tOS^tt^JfifH 

te5 0ni/P* TPD 0 0 5 £ffl^fcIE?LI&2SJitt 1 OnmJP, AlQ3i&ffl^i 

£<&EL*^£«E£WtJDLT*«E£SELjfc£C:;5, 1 8 V • 6 0 OmA/cm 2 
T5 4 0 0 0cdM 2 <Dm& (fgft@*&:SAiiiax=5 1 Onnu fiail«x = 0. 3 

0 y = 0. 6 0) ©JStttfttBStt, £0«ftttftiftS*&B«*Tl 0 0 0 0 
^f|8IM!lLT^fc. 1 0mA/cm 2 O^SitSg«lT6 0 0 0I$P B 1 

(1 0 3 0cd/m 2 > |g»jmffi±#2. 0 V) , 3 0 0cd/m 2 T«2 0 0 0 

0B#PeT?fcofc. 

(^Jifli i o > 

*Jfittl IC43^T. mTUZ\m&4 OnjnJPK^jSL, jE?Uft2SJi£TPD 0 0 
5tJ^U> (7wtX) <h£ffltr>T2 OniffKJBJfcU ^©±C5S3tl**Jfi« 9 
fcWttKTPD 0 0 5 tAl Q3 tfliKfc^tt 1-10 3 tSrE^TMcTSfc 

Cl©EL*-?lcmE£*913lDLT«aES:8IUfctC5, 1 2 V • 6 5 0mA/cm 2 
T6 7 6 0 0cd/m 2 <Z>j®fe (fB^tt*iftfiAMx= 5 1 Onnu 5 5 0 nou 
x = 0. 3 8y = 0. 5 6) CDfgftjWUfg^n, £<0»W*«;*S*»ffl& I t , T? 

1 0 0 0 OttWSJUtSJtLT^fc. W«©¥«JWttl 0mA/cm 2 <D^m^®JT6 
5 0 093M (9 0 0cd/nr\ 5gifrmE±#2. 0 V) , V)®Mm 3 0 0 cd/nr"Cte 

2 5 0 0 <miBJT*ofc. 
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<mmm 1 1 > 

0 2, n?&.\ffim&lt&®£LT h V Z (8 -*y 'jy 7 h) 7;i^-^7A (A 

iQ3) mzmcmmmmo. snm/secvrnML, ^ntmmizm 

7xik&%3 1-201 bMMMm® 0.015 nm/secT^« LT 4 0 nmB<DM&m 
tLTmtfLLfro m&miZ&^T. 09^k^II-lO2 :A1Q3 : 0ink{£& 
#11-201 = 50:50:1. 5 (BlJPJt) T'&Z. ^OlZfrteMMm 1 tm 

mizLxm^^mvrzo &jeu utd at A^m^rzmumxmmm^s on 

raff, II - 1 0 2 £ffl^£:IE?L$&i£/l«l 0nm#, A 1 Q 3 £/ii^*:m^£Aft&i£ 
/I«2 0nm/?i:L£. 

Z\(DE Lm?lzmi£&%ltinLTMifo$:MLtctZ\Z. 13V- 75 OmA/cnr 
T9 8 0 0 0cd/m 2 ©ifi (^@^^ Amax= 5 2 5 nm, fi£&Hlx = 0. 2 
9y = 0. 6 7) <D%yt&m$&t<tl, COMIM^i^'fTl 0 0 0 0 
^R±££LT^£. $gtf>¥M$W:l 0mA/cm 2 CD£m?fflifrT4 0 0 0 Bi^ 
(110 Ocd/m 2 , m®nE.±&2. 0 V) . OTU?g3 0 Ocd/VTtel 8 0 0 

mmm 1 2 > 

I- 1 0 2 t)\,ZfU>t&m^T 2 0mm\zMf&L.Z\<D£\Z%ftm&nMM9 t 

mmizm^it^mu - 1 0 2 tA 1 Q3 twists® 1-201 ^/b^ttm 
-rs rusk: LT^^K Lfc. 

C©EL*^C*JE£WiinLT*»£ifcLfc£C:3, 1 3 V • 9 0 OmA/cm 2 
T8 0 0 0 0cd/m 2 (D3t*§i£ (f£ft@±&ft A max= 5 2 5 nm, 5 6 0 nm, fe^M 
*x = 0. 4 0y = 0. 5 5) ©»3fc**«B;£n, ^©58*tt<£»a*»fflft«t> 
Tl 0 0 0 0l$raEU5fej£l,TV*fc. ®&©¥$»!tel OmA/cDi 2 ©^mCT»lT 
6 0 0 0^ ( 1 0 5 0 cd/m 2 , S8ft«BE±# 1 . 5 V) , tOJQIffA 3 0 0 cd/m 2 
Tte2 5 0 0 Ottmrrfc^fc. 
<^SS0iJ 1 3 > 
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nwj9, ioc*5^t. ffl7Kikik$ 1-103 owt) o iz. WKitsmu 

-1 (+t^UK» fcffi^THfcfcJlH^flMKU 4#tt£f^££C3. ASF 

mmw9* loiz&toT* m^it^m i - 1 o 3^^011, flj^t^iv- 1 

<^«S^J 1 5 > 

&NS0U1. 12IC*5V>T, MffiitSW) 1-201 (Dfttl <0 \Z . ^{fc^II 
I -1 (WJF» SfflHTHfl&CfcTfcftsBU #tt£W*fc<»:;:3. & 

<HM^J 1 6 > 

mmmii. iziz&^t. m^it-smi -2 0 loftboc, ^ib^tiiv 

-1 U^»J >ft£*l) fc^TITOfcSI^SrftSllU #te£Bl^fc£ 
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-22) fc^tfh'JT. (8-*yj/7M 7;P5X?A (A1Q3) OfgftX 
1 > 

19$ 1 0 Onmtf) I TOjgBJM (US) £*rf3#7Xg& (1. 1 mmff) 

1 0 _, Torr3;T«ffiLfc. 

N, N' - y7i-JKN'-k'X [N-7xx;P-N-4-h U;U (4-7S/7i 
x;U) ] ^>v->*> (HIM) £^3gj§g2nm/secT5 OnnOJPSlCfctfU IE 
?L£AJf ibfc. 

N, N. N'.N'-x (-3- k'7i-JV ^>vv> (TPD 0 0 5) 

&&*SLft2nn/secTl OnmOJ^StC^U IE7LI*£JIi:Ufc. 

SbCh'JX (8-*/U/7h) 7;P^x^7A (A1Q3) i^7U>RI# 
££P&3tji£2nin/sec<h 0. 0 2 nm/secT#5?|5iU 'J 1 . 0v 

«EEtt«*«ofc*S. MgAg (fiSitlO: 1) £l&^it£0. 
2nm/secTr2 0 0 mOmZlZMM bT&mt U R&MtLTA 1^1 OOni 

<###J 2 > 
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m$ 1 0 OmnCDI TOlB^fg (M) $tn^77SS (1. 1mm/?) £. 

1 0- 6 TorrSTiilEUfCo 

N,N'->*7x-;P-N.N , -t'X [N-7x-JhN-hU^ (4-7 5 7 7 X 
] ^>V : Jy (HIM) £^fjtg2nm/secTl 5 iud<DJ¥£ (clg^U IE 

NJJ'J'-fh?^- (-3-b'7i-JH~fjP) ^>S?5?> (TPD 0 0 5) 
£^*jt£2nm/secTl 5nm<D/P$(c^L, IE7li$i£JI£ L£o 
Sfcfc, TPD005£HJX (8-+;ijy7h) TVPSJitfA (A 1 Q3) 
1 : 1 £fcZ>£o\z. fr~D)lZf\/> mmit^m 1 - 2 0 ) £ 2 . 
5voi%^tf e fcp(c4 OnmajPSfcg&frUfc^*^ 7<0»1 ©fgftjf £Lfc. 

HlfCO. 0 5nm/sec, 0. 0 5nm/sec, 0. 0 0 0 2 

5nm/seci:Lfc 0 

#^T\ «£Ett*£«r>fcU*, m^aA^lii^ltLT, MJ* (8- * 
/ h) 7;i/$--7A (A 1 Q 3) £3£i»j£g0. 2nm/- S ecT5 5nm<Dff£ 

»JEEttl8£Bofc3:*» MgAg (fifiJt 1 0 : 1) ZMWrnmO. 
2nm/secT2 0 0 nm©J?£ LTfilii U $ii/I£LTA li&lOOni 

<###J 3 > 

MJ7. (8-+/ 'J/7 M 7;U5-»7A (A 1 Q3) O^TfeX^ h;U£H4 
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mzioowoiTommnm (mm) fc^rtstf^xiifc (i. imm) 

x l 0- 6 torr*TMJEbfc. 

#^T, 4, 4' , 4" -HJX (-N- (- 3 -*^;U7x-Jl/) -N-7 
x-^7$7) h U 7x-^75> (MTDATA) 2 nm/secT 4 0 

nmtf) J?$(~&#U IE?LaAJI<hL>t„ 

N, N. N ' N* -fh7+7 (- 3 - t'7x3- 1 -<;U) ^>-7v> (T 
PDO 0 5) £, ^SIg2nm/secTl 5 nra<Z)J?£ (C^L, IE?L^Mi L7c, 

-*/U/7h) 7;P=:~7A£^j§g0. 2nui/secT7 0nm<D/?$fc^*L 

£b£, MJE#<££&o£££> MgAg (fiMJtlO: 1) £^1^0. 
2nm/secT2 0 0 nmttj? $ LTfi£@<h t , ^ililTA l^lOOnm 

04^bt>^5ck-5lC, MJX (8- +yj/7h) yjR-^A (A 1 Q3) 
fct5 4 Onn#jfiJc563t**»fi*Wrs. £ft7^ h r|m l l OnmT 

fritz, 

<^mm 1 7 > 

WZ1 0 0nm<DITOSW«a (IM) £WT5#5 7>&« ( 1 . 1 rami?) 

1 0- 8 Torr£TMJ£Ufc. 

N,N'-v7xX;U-N. N'-t'X [N-7 xXJU-N-4- K 'J ;U (4-75 77i 
x;U) ] ^>v*v> (HIM) &aMH£«2nin/sec-C5 0 nmOJf IE 
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N,N,N'J'-fh747- (-3-t'7x-;hl-<^) *>i?i?> (TPD 0 0 5) 

SSC. TPD0 0 5ih'J7 (8-+;'J/7h) 7;U5-tfA (A1Q3) 
££*M»Jfc#l : 1 tfcZ&oiZ. fr-D)lzrv> WTxitS® 1 - 2 2 ) £2. 

C^i^O^jg^teJUfCO. 0 5nm/sec, 0. 0 5nm/sec, 0. 0 0 2 5nm 
/sec£ Lfco 

TPDO 05tAl Q3t^«Jkj4q : l t&Scfc^tC, ^o^'J 
VRiJMfrOfll^flS^to I - 1 0 3 & 1 . OvolX3tf«fc3K:2 OnmOJ? 
U iS^S^-r^ r 0^2©56 7 tHi:Ufc. 0 5nm 

/sec, 0. 0 5ntn/sec, 0. 0 0 1 am/sect LJto 

*HT, K£Etttt*ft?££g. m^AHM^^iLT, hUX (8- * 
/U/7h) 7^5 (A1Q3) &&*&&0. 2 nm/secT 5 0 nm<7)jS£ 

SSlC. «JEtt»*«^fc*S, MgAg (MJtl 0 : 1) £j&jSFi£g0. 
2nm/secT2 0 0ni©W*teJlMrLTM£U «HJI£LTA 1 $1 0 Onm 

£©#«EL*^cmjE&WJnLT*»£iftL&£;:;3, 10V - 5 0mA/ cm 2 
T5 0 0 0cd/m 2 OftM& (fgftM*i&§ Amax= 5 6 Onm, 5 0 On, fi&JffiSI 
x = 0. 39y = 0. 55) ©fg3te#5g&£*U HOf87tttft*7;Hf>»Htt 

ws0¥^«3tt i omh/cn 2 0fenmmmm®T'4 oooohr (mm 

mmi 0 0 0cd/m 2 » 8J8!&im£E7. 2 V, I8»i«JE±#3. 0 V) T'&ofc. 
HI 5 IC^gftT.^ h^Sr^T. 0 5 <fcD, *T U >mmftt)lf7U>tfit. fcK 

5B)tLT^5c:i^t)^5„ ^o^ose^*^* MUJtc/R, >7-?ij>mm 

ft (5 1 Onm) /;P:/U> (5 6 Onm) HO. 6 5-C&ofc. fgftX^ 
h;KD#MrU («*e-d7 03fiflE©i|t^OjS©r1i) « 1 2 0 iHnT^ 0 , ?T'J> 

;u^u><ht){c5l7tLT^5c:t^t>^s. Hififli 9 kUf** l 
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<Jt«^7> 

mmmniz^x. tpdo o 5<oiEiimmm&Mi£Ltz<D%> AiQ3t 

)U7ls>£#'?V >b&&M%M&0. lnm/sec, 0. 0 0 2 5nm/sec, 0. 0 
0 lnm/secT&?&3SU ;U^U>«r 2 . 5vol%> £ T 'J 1 . Ovol% 

^tI*^*J&te<0«ftJi£4 OnufffcJBJSfcU ^t<D'&A 1 Q 3 ©«7£A$*i£JI 
£5 OnBfft»«3c-r5S*>ttlRl«k:LT«'*EL3S : f 

<it«fi!W8> 

Jfc&0iJ7K:*3V>T\ fgft/f <Z)*X hTO£A 1 Q3CD^t»0ICTPD 0 0 5£ 

^OtfOC/RliOTfcO, fgft*^* HU<&¥feifeW:7 OnmTfc 
<it^J9> 

mi&mi 7\Z^Xs TPDO 0 5<DiE1imj£m$:Mf&Ltz<D-£>. A 1 Q 3 t 
)V7U>$:&MMmmo ■ lnm/sec. 0. 0 0 2 5 nm/secT#^ U 1/ > 
£2. 5vo\%^tsn=?m&&<Df£ytm& 2 OnmiCMl, 3 <=>lc:i<D±KA 1 
Q3ik^TU>»*#t#||#aflE0. lnm/sec, 0. 0 0 1 noi/secT^S U 
>Sf*#£i. OvolX£tf*^»aitt<D$83fc»£2 OnmiZBf&L. *<D 
&A 1 Q3(Dm^aA^iH1^5 0mm\zm&LT2>&fr&mmzLTlii®ELm 
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<jt«m o> 

fcjE?Llliatt©****21»j«r*S*ttmiife:LT*«EL*^t#fc. 
<Jt«« 1 1 > 

*»m TPDO o 5<DjEnmmmzmmLtc<Dis. TPDOO 

5 t)lzfU>Z&Mm&mo. lnm/sec, 0. 0 0 2 5nm/secT#&»U )V7 
ls>%2. 5vol%<£t!iElimm&<D%ytm&2 OnmJStC^fiSU X^XA 1 Q3 
>m&fc*&MMi&mo. lnm/sec, 0. 0 0 1 nm/secX&Mm U £ 
T>J>»3U*£1. Ovol%^tm?8S£f$038ttJi£2 OMffC#£U -to ft 

a i Q3<Dn?&A®mm&s onmiz&mrzm^tmmizisxmmELm? 

Z<D&mELmTiznJ£ZWlJQLXQm*ffiLfr£Z.?>, l 2V • 5 0mA/cm 2 
T4 5 0 Ocd/m 2 (DH^fi (^7t^^^S A max= 5 6 Onm, 5 1 Onm. fi&Jffi 
^x = 0. 42y = 0. 5 4) ft. r©fg3tt4«*|7;U3f >»H 

*fg<£¥M$tel 0mA/cm 2 ©^mDSt^Sj^lljTl 0 0 h r 
ftlOO Ocd/m 2 , &8I4MMIJE6. 5V, ggl&m£±# 3 . OV) T&ofc. 

Ell OKfgftX^ hJUSr^f. SlOckO, ^TiJ>Sf*#<h^^U>*<<i: 
fcfc38ftUTV»S CI h;HtC/R«0. 5T 

<%MM 1 8 > 

&6£fcl 1 7 ICfcViT, TPD 0 0 5<DiE1im&m*Ml8,Lft<D-t>, TPDOO 
5 £A 1 Q 3 £)lZfU>&&Mm&mo. 0 5nm/sec, 0. 0 5nm/sec, 0. 0 
0 2 5nm/secT&^*U T P D 0 0 5 : A 1 Q 3 itfi 1 : ltftO. ;U7 r U>^' 
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